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ARTICLE INFO ABSTRACT

Keywords: Background: With the recent success of immunotherapy, there is a growing interest in combining radiation with
Radiation immunotherapy to boost abscopal response rates. Several challenges exist in determining how to synergize these
Radiotherapy two modalities in the treatment of metastatic NSCLC.

Isr;:::;;therapy Methods: References for this review were identified through searches of MEDLINE/PubMed and Clinicaltrials.gov
Challenges databases with the search terms “abscopal”, “radiation OR radiotherapy,” “NSCLC”, and “lung” on the index date

of July 2022 from 2000-2022. This systematic review focuses primarily on clinical papers.

Discussion: Early work combining radiotherapy with immunotherapy show promise in unlocking the abscopal
effect. Preliminary evidence suggests that radiotherapy regimens with <5 fractions and smaller fields may be
superior to regimens with 15 fractions and larger fields. There does not appear to be enough evidence to draw
conclusions about the optimal timing of radiotherapy in relation to immunotherapy or the optimal anatomical
location of radiation to induce the abscopal effect. Several studies suggest selecting patients with a higher absolute
lymphocyte count (ALC) and lower neutrophil-to-lymphocyte ratio (NLR) may help to further boost abscopal
response rates. Furthermore, selecting tumors with programmed death ligand-1 (PD-L1) expression, mismatch
repair deficiency, and higher tumor mutational burden may similarly achieve this goal. Lastly, additional work

Combination therapy

is needed to minimize and predict for severe toxicity associated with combination therapy.

Introduction

The abscopal effect is a phenomenon in which irradiation of a sin-
gle tumor causes a regression of tumor(s) outside the field of irradiation
[1]. This phenomenon was first described by Mole in 1953 [2]. While
the mechanism remains incompletely characterized, it is believed to be
immune-related. Based on several in vivo studies [3-7], radiation is hy-
pothesized to cause the release of tumor antigens that subsequently ac-
tivate dendritic cells, which migrate to the draining lymph nodes and
prime antigen-specific effector T cells that then attack tumor cells dis-
tant to the site of irradiation.

Despite advancements in our understanding of the immunological
effects of radiation, and the promise of unlocking the abscopal effect
when combining radiation with immunotherapy, abscopal responses are
rarely seen in the clinic and several challenges remain in how to opti-
mize the synergy between these two modalities. Several of challenges
are radiation-related, e.g., determining the optimal dose and fractiona-
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tion, the optimal timing of radiation in relation to immunotherapy, and
the optimal anatomical location of radiation. Furthermore, optimizing
patient and tumor selection in order to best augment the abscopal effect
remains challenging. Finally, managing the toxicities associated with
combination therapy is another obstacle for clinicians to overcome. The
purpose of this narrative review is to summarize the challenges in syn-
ergizing radiation with immunotherapy, specifically in the setting of
metastatic non-small cell lung cancer (NSCLC).

Methods

References for this review were identified through searches of
MEDLINE/PubMed and Clinicaltrials.gov databases with the search
terms “abscopal”, “radiation OR radiotherapy,” “NSCLC”, and “lung”
on the index date of July 2022 from 2000-2022. Clinical papers were
included only if they had two arms, one involving immunotherapy plus
radiation and the other involving immunotherapy alone, in order to

Received 15 August 2022; Received in revised form 4 November 2022; Accepted 12 June 2023
1476-5586/© 2023 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.neo.2023.100914
http://www.ScienceDirect.com
http://www.elsevier.com/locate/neo
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neo.2023.100914&domain=pdf
mailto:aamini@coh.org
https://doi.org/10.1016/j.neo.2023.100914
http://creativecommons.org/licenses/by-nc-nd/4.0/

J. Liu, H. West, H.M. McGee et al.

Neoplasia 43 (2023) 100914

[ Identification of studies via databases and registers ]
g Records removed before
= Records identified from: screening:
o Duplicate records removed
= Databases (n = 2) 5 (n=0)
€ Registers (n = 0) Records removed for other
ke’ reasons (n = 0)
e’/
)
Records screened Records excluded
—>
(n =264) (n=83)
Reports sought for retrieval Reports not retrieved
—
o (n=181) (n = 49)
‘T
o
<
- !
(7]
Reports assessed for eligibility Reports excluded:
=132 —_— Single arm (n = 23)
(n )
Preclinical (n = 11)
Other histologies included
with lung (n = 7)
Concurrent chemotherapy or
targeted therapy (n=9)
—
9
S Studies included in review
o (n=82)
=

Fig. 1. PRISMA flow diagram.

evaluate the effect of adding radiation to a systemic immunotherapy.
Single arm studies were omitted because it is challenging to elucidate
whether radiation has additive or synergistic benefit with single arm
radiation-immunotherapy studies since immune checkpoint inhibitors
have variable monotherapy response rates that depend on the tumor
type, patient and tumor characteristics, as well as patients’ germline
polymorphisms. Abstracts and case reports were also omitted. Papers
were omitted if whole body irradiation was used or if patients were
concurrently treated with cytotoxic chemotherapy or targeted therapy.
References of selected clinical and preclinical papers were also screened
for additional papers that met the predetermined selection criteria. A
PRISMA flow diagram for our systematic review is shown in Figure 1.

Discussion

A summary of pivotal trials discussed in this review is shown in
Table 1. A graphical representation of variables influencing the abscopal
effect is shown in Figure 2.

Dose and fractionation

There is limited prospective evidence examining the optimal radio-
therapy schedule when combined with immunotherapy in metastatic
NSCLC. Recently, a pooled analysis [8] of two phase I/II trials [9,10]
found a significant increase in the abscopal (out-of-field) response
rate (ARR) in 148 patients with metastatic NSCLC treated with pem-
brolizumab plus radiation vs. pembrolizumab alone (42% vs. 20%,
p<0.01). Patients treated with radiation also had a significant improve-
ment in progression free survival (PFS) and overall survival (OS), likely
due to improved systemic disease control. Radiation was directed to up
to 4 lesions and directed primarily to intrathoracic disease, with doses
and fractionations ranging from 45 Gy in 15 fractions, 24 Gy in 3 frac-
tions, to 50 Gy in 4 fractions. Although the combined analysis was not
powered to compare radiotherapy schedules, there was a striking dif-
ference in ARR in the 45 Gy in 15 fraction arm compared to the 24 Gy
in 3 fraction and 50 Gy in 4 fraction arms with 20% vs. 47% vs. 56%,
respectively.
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Results

Pembrolizumab + RT

RT to metastatic site

Higher ARR with pembrolizumab + RT vs. pembrolizumab alone
(42% vs. 20%, p<0.01); higher ARR with 24 Gy/3 fx and 50 Gy/4
fx vs. 45 Gy/15 fx (47% vs. 56% vs. 20%, p<0.05)

Table 1
Summary of pivotal studies combining radiation and immunotherapy in metastatic NSCLC.
Design Patients Treatment
Theelen et al. [8] Pooled analysis of two phase I/Il 148
trials
Pevzner et al. [29] Metanalysis of 35 studies 51

Chen et al. [36] Pooled analysis of two phase I/Il 33

KEYNOTE-598 [39]  Phase III 568

Chen et al. [41] Pooled analysis of three phase 165

1/11 trials
Golden et al. [43] Phase II 41

Formenti et al. [S0]  Phase II 21

Pembrolizumab + RT vs.
trials ipilimumab + RT

Pembrolizumab + ipilimumab

Immunotherapy + RT

GM-CSF + RT

Ipilimumab + RT

Highest incidence of abscopal response in lung (41%) > lymph
nodes (31%) > liver (16%)

Higher ARR with pembrolizumab + RT vs. ipilimumab + RT (37%
vs. 24%, p=0.05); higher PFS with pembrolizumab + RT vs.
ipilimumab + RT (63% vs. 23% at 18 months, p=0.02)

No PFS benefit with pembrolizumab + ipilimumab vs.
pembrolizumab alone (8.2 vs. 8.4 months, p=0.72); worse grade
3-5 toxicity (62% vs. 50%, p<0.05)

Higher ARR with baseline ALC >1.3 x 10 cells/ul vs. <1.3 x 10%
cells/ul (30% vs. 8%, p<0.01); higher ARR with post-treatment ALC
>0.56 x 103 cells/ul vs. <0.56 x 10° cells/ul (34% vs. 4%, p<0.01)
Patients who had abscopal response had lower baseline NLR vs.
patients who did not (2.29 vs. 4.24)

Higher proportion of patients with progressive disease had EGFRm
tumors vs. patients who had better disease control (50% vs. 0%,
p=0.03)

ARR=abscopal response rate, PFS=progression free survival, ALC=absolute lymphocyte count, GM-CSF=granulocyte-macrophage colony-stimulating factor,
NLR=neutrophil-to-lymphocyte ratio, EGFRm=epidermal growth factor receptor mutated

Treatment Patient

Radiation
dose and
fractionation

Timing in
relation to
immunotherapy

Anatomical
location of
radiotherapy

Absolute
lymphocyte >1.3x10° cells/ul
Immunotherapy count
1o pair with
radiotherapy
>
Neutrophil/
antiPD-1 anti-CTLA-4  lymphocyte faslo'cd
ratio

It remains unknown if the difference in ARR observed in the 45 Gy
in 15 fraction arm was due to differences in the absolute lymphocyte
count or lymphocyte subsets, radiation fractionations causing variable
antigen release, unforeseen clinical factors associated with the choice of
radiotherapy schedule, or other patient and tumor factors that were un-
accounted for. Lymphocytes such as T cells play an important role in an
effective antitumor immune response, but they are also exquisitely ra-
diosensitive and likely to undergo radiation-induced lymphocyte apop-
tosis [11]. Patients treated with 45 Gy in 15 fractions had a significant
drop in absolute lymphocyte count compared to patients in the other
two arms, suggesting a detrimental effect of this fractionation. Prior ev-
idence has suggested that patients treated with protracted regimens are
less likely to have an abscopal response due to the decreased availability
of effector and memory T cells [12]. Even with smaller, more conformal
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Fig. 2. Variables influencing the abscopal
effect.
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treatment fields, protracted regimens have been shown to deliver lym-
photoxic doses and exhaust Tcells [13], hindering their ability to pro-
duce an abscopal response. It is likely that patients in the 24 Gy in 3
fraction and the 50 Gy in 4 arm had less T cell exhaustion from shorter
courses and smaller fields compared to patients in the 45 Gy in 15 frac-
tion arm, resulting in improved ARR rates.

Ultimately, data regarding the optimal dose and fractionation to in-
duce the abscopal effect in NSCLC are lacking. Additional studies are
needed in order to clarify the optimal method in which radiation is de-
livered. Potential areas for further research include conventional frac-
tionation vs. hypofractionation, daily vs. every other day (QOD) frac-
tionation, using photons vs. protons, what total dose to prescribe to,
and whether ablative doses (biological equivalent dose (BED) >100 Gy)
are required to produce the abscopal effect [14-16].
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Timing of radiation in relation to immunotherapy

The aforementioned pooled analysis [8] of two phase I/II trials
[9,10] utilized different timing of radiotherapy and immunotherapy be-
tween the two trials. The first trial (PEMBRO-RT) [9] treated patients
with 24 Gy in 3 fractions to a single lesion followed by pembrolizumab
within 7 days of completion. The second trial (MDACC) [10] treated pa-
tients with either 45 Gy in 15 fractions or 50 Gy in 4 fractions to 1-4
lesions concurrent with pembrolizumab. The ARR was 36% in PEMBRO-
RT (sequential timing) vs. 38% in the MDACC trial (concurrent timing).
Given several differences in the design of the two trials, conclusions re-
garding the optimal timing of radiotherapy in relation to immunother-
apy cannot be drawn.

The landmark PACIFIC [17,18] trial for patients with stage III unre-
sectable NSCLC found that the addition of consolidation durvalumab sig-
nificantly improved PFS and OS over placebo after definitive chemora-
diation. While the study did not directly assess the difference between
radiation and immunotherapy sequencing, there was an important trend
of improved responses for patients who received durvalumab closer to
the chemoradiation administration. In the latest 5-year update, there
was a PFS and OS benefit for patients who were randomized <14 days
from chemoradiation compared to >14 days. This indicates that starting
immunotherapy closer to end of radiation may better harness an anti-
tumor immune response. However, this may also be confounded by the
fact that patients who received durvalumab later were also likely sicker
and needed more time to recover from chemoradiation, which would be
a confounding factor. Several recent phase II trials [19-21] have promis-
ing results for concurrent delivery of immunotherapy with chemoradia-
tion in stage III disease, with a (nonsignificant) increase of PFS and OS
rates in comparison to the PACIFIC trial. The PACIFIC-2 [22] trial is cur-
rently underway to examine the benefit of concurrent immunotherapy
in stage III NSCLC.

Interestingly, sequential therapy may be preferred over concurrent
therapy in tumors with negative (programmed death ligand-1) PD-L1 ex-
pression. In the PEMBRO-RT [9] trial, sequential therapy was delivered,
with initiation of pembrolizumab <7 days after completion of stereotac-
tic body radiation therapy (SBRT). Subgroup analysis showed the largest
benefit from the addition of radiotherapy in patients with PD-L1 nega-
tive tumors with respect to PFS (HR 0.49, 95% CI 0.26-0.94, p=0.03).
Mechanistically, the benefit may be due to the ability of radiation to lyse
tumor cells releasing tumor antigens, raise intra-tumoral PD-L1 levels,
and enhance the immune response in patients treated with PD-1/PD-L1
inhibitors [23,24]. The phase II/III Alliance A082002 [25] is currently
underway to test whether the addition of SBRT to a single tumor site will
enhance the anti-tumor activity of systemic immunotherapy or chemo-
immunotherapy in patients with stage IV PD-L1(-) NSCLC. Further in-
vestigation is needed to better clarify the optimal timing of radiation in
relation to immunotherapy in various clinical situations.

Location of radiotherapy

Patients in the combined analysis [8] of two phase II trials [9,10] re-
ceived radiotherapy to various sites of disease. The most common loca-
tion was lung metastasis (N=28), followed by intrathoracic or extratho-
racic lymph node metastases (N=22), followed by other sites of metas-
tases including adrenal, bone, skin, liver, and retroperitoneum (N=17),
followed by lung primary (N=12). The ARR was not compared between
the various sites of irradiation; however, PFS and OS were not signifi-
cantly different between each subgroup. It remains unknown if location
of radiotherapy matters when attempting to induce the abscopal effect.

It has been demonstrated that genomic and immune heterogeneity is
common among metastatic sites, affecting antigenic composition which
influences response to immunotherapy [26-28]. Inducing the abscopal
effect is likely to be hindered by the fact that different metastases may
not share common antigens. Despite this, certain metastatic sites may
be more likely to respond via the abscopal effect than others. A met-
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analysis [29] of 35 clinical studies describing 51 cases of the abscopal
effect found that the most common sites for its occurrence were lung
(41%), lymph nodes (31%), and liver (16%). This suggests that radia-
tion should be preferentially targeted to lesions in the lung and liver
since these organs are inherently more immunogenic. This could be due
to differences in systemic T cell and natural killer cell (NK cell) subsets
in the peripheral blood after stereotactic body radiation therapy to the
lung and liver as compared to the brain and bone [30]. However, this
study was conducted in patients who did not received immunotherapy,
and additional work is needed to define the optimal anatomical location
to irradiate in order to enhance immune response in combination with
immunotherapy.

An alternative approach to inducing the abscopal effect may be to ir-
radiate as many sites of disease as feasible to release the greatest tumor
antigen burden. This is based on a landmark translational study show-
ing that the amount of reinvigoration of circulating exhausted T CD8+
cells vs. pretreatment tumor burden correlated with clinical response
[31]. Delivering SBRT to as many as 5 lesions was demonstrated to be
safe and feasible in patients with oligometastatic disease in the phase II
SABR-COMET [32,33] trial. Further studies are warranted to determine
whether irradiating >5 lesions is safe and effective. SABR-COMET 10
[34] is currently underway to examine the safety and efficacy of SBRT
to 4-10 sites of disease using a broader definition of oligometastatic can-
cers, and the ARREST [35] trial is currently underway to examine the
safety and feasibility of SBRT to all sites of disease in patients with poly-
metastatic cancers (>10 lesions).

Optimal immunotherapy to combine with radiotherapy

There is currently no randomized study comparing the combination
of radiotherapy with various immunotherapy agents. A retrospective
analysis [36] of 2 single-institution prospective studies [37,38] com-
pared the response rates and outcomes of combining radiotherapy with
pembrolizumab or ipilimumab. A total of 16 patients were treated with
SBRT + pembrolizumab and a total of 17 patients were treated with
SBRT + ipilimumab. Response rates for out-of-field lesions were similar
between pembrolizumab and ipilimumab (37% vs. 24%, p=0.054). The
PFS for pembrolizumab vs. ipilimumab was 94% vs. 76% at 3 months,
87% vs. 52% at 6 months, 80% vs. 31% at 12 months, and 63% vs. 23%
at 18 months (p=0.02). Respective OS values were 87% vs. 76% at 6
months, 80% vs. 47% at 12 months, and 66% vs. 39% at 18 months
(p=0.08). Authors concluded that both pembrolizumab and ipilimumab
prompt a similar degree of in-field and out-of-field response after SBRT,
although the global response rate and PFS were significantly higher with
pembrolizumab than ipilimumab after SBRT. Randomized prospective
evidence is needed to validate these findings. One benefit of PD-1/PD-
L1 inhibitors over cytotoxic T-lymphocyte-associated protein 4 (CTLA-
4) inhibitors is the lower toxicity profile of PD-1/PD-L1 inhibitors, with
lower rates of colitis but higher rates of pneumonitis.

Further studies are also needed to determine what type of PD-1/PD-
L1 inhibitor is best combined with radiotherapy (e.g., pembrolizumab,
nivolumab, atezolizumab) to induce the abscopal effect. Currently, there
are no studies comparing various PD-1/PD-L1 inhibitors with radiation,
and this study is unlikely because each PD-1/PD-L1 inhibitor is made by
a different pharmaceutical company. Further studies are needed to de-
termine whether a combination of PD-1/PD-L1 inhibitors with CTLA-4
inhibitors is able to further boost response rates when paired with radi-
ation. The recently published phase IIl KEYNOTE-598 [39] trial showed
no clinical benefit and greater toxicity when combining ipilimumab with
pembrolizumab vs. pembrolizumab alone in patients with metastatic
NSCLC with PD-L1 expression >50%, so it is unlikely that we will see
such a trial take place. A recent phase II study [40] combining PD-L1
and CTLA-4 inhibition with targeted low dose or hypofractionated radi-
ation for patients with metastatic MSS (microsatellite stable) colorectal
cancer did show that combined treatment is safe and feasible, although
84% of patients did experience toxicity, of which 42% had grade 3-4
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Summary of ongoing studies combining radiation and immunotherapy in metastatic NSCLC.

Phase Patients Treatment Primary outcome
NCT03158883 [67] I 8 Avelumab + SBRT 50 Gy/5 fx ORR
NCT03224871 [68] I 3 Nivolumab + pembrolizumab + intratumor IL-2 + SBRT 24 Gy/3 fx MTD
NCT03436056 (PRIMING) [69] I 2 Pembrolizumab + SBRT 30 Gy/3 fx or 54 Gy/3 fx MTD
NCT03812549 [70] I 29 Sintilimab + SBRT 30 Gy/3 fx + low dose RT 2 Gy/1 fx or 4 Gy/2 fx or 10 Gy/5 fx =~ MTD
NCT03223155 (COSINR) [71] I 80 Ipilimumab + nivolumab + SBRT 3-5 fx, 2-4 sites MTD
NCT02639026 [72] I 30 Durvalumab + tremelimumab + SBRT 24 Gy/3fx or 17 Gy/1 fx MTD
NCT03275597 [73] I 17 Durvalumab + tremelimumab + SBRT 30-50 Gy/5 fx MTD
NCT02444741 [37] /11 104 Pembrolizumab + SBRT 4 fx or HFRT 15 fx MTD, ORR
NCT02239900 [38] /11 143 Ipilimumab + SBRT 50 Gy/4 fx or HFRT 60 Gy/10 fx MTD
NCT03168464 [74] /11 15 Ipilimumab + nivolumab + SBRT 30 Gy/5 fx ORR
NCT02221739 [75] /11 39 Ipilimumab + SBRT 30 Gy/5 fx ORR
NCT03176173 (RRADICAL) [76] i 44 Nivolumab + pembrolizumab + atezolizumab + SBRT or HFRT 1-10 fx PFS
NCT03965468 (CHESS) [77] I 48 Durvalumab + chemotherapy + SBRT or HFRT 1-10 fx PFS
NCT03044626 (FORCE) [78] I 101 Nivolumab + RT 20 Gy/5 fx ORR
NCT02658097 [79] I 13 Pembrolizumab + RT 8 Gy/1 fx ORR
NCT04929041 (Alliance A082002) [25] 11/111 100 Nivolumab + chemotherapy + SBRT PFS, OS
NCT03391869, (LONESTAR) [80] 111 360 Ipilimumab + nivolumab + SBRT oS
NCT03867175 [81] 111 112 Pembrolizumab + SBRT or HFRT 3-10 fx PFS
NCT03774732 (NIRVANA-LUNG) [82] I 460 Pembrolizumab + chemotherapy + SBRT 81 Gy/3 fx oS

SBRT=stereotactic body radiation therapy, HFRT=hypofractionated RT, ORR=overall response rate, MTD=maximum tolerated dose, PFS=progression free

survival, OS=overall survival

toxicity. A summary of ongoing studies examining the combination of
radiation and immunotherapy in metastatic NSCLC is shown in Table 2.

Optimizing patient selection

Determining which patients will exhibit an abscopal effect and which
patients will not has proven difficult. Given that the abscopal effect is
based on immune activation, patients with immunosuppression or lym-
phopenia are less likely to achieve an abscopal response. A pooled anal-
ysis [41] of three phase I/II [10,36,42] of 153 patients with predomi-
nantly metastatic NSCLC found that absolute lymphocyte count (ALC)
when analyzed as a continuous variable was significantly associated
with abscopal responses on multivariate analysis (p<0.01). The ARR was
30.3% in patients with pre-radiation ALC above the median (1.3 x 103
cells/ul) vs. 7.8% in patients with ALC below the median (p<0.01). The
ARR was 34.2% for patients with post-radiation ALC above the median
(0.56 x 103 cells/ul), vs. 3.9% for patients whose post-radiation ALC
was below the median (p<0.01).

The neutrophil-to-lymphocyte ratio (NLR) also appears to corre-
late with abscopal responses. A prospective study by Golden and col-
leagues [43] treated 41 patients with radiotherapy plus granulocyte-
macrophage colony-stimulating factor (GM-CSF) and found that patients
who had an abscopal response presented with a lower baseline NLR com-
pared to patients who did not (2.29 vs. 4.24). This finding was confirmed
by other studies, including one by Zucker and colleagues [44] which
found that a lower baseline NLR <4 was associated with improved ARR
and OS. Future studies investigating the combination of radiotherapy
with immunotherapy should tailor the eligibility criteria to select pa-
tients with pre-treatment ALC >1.3 x 103 cells/ul and baseline NLR <4
in order to maximize the chances of an abscopal response.

Optimizing tumor selection

There is strong evidence that tumors with PD-L1 expression [45] and
mismatch repair deficiency [46] have improved response to im-
munotherapy and may be more likely to induce an abscopal effect. Both
PD-L1 expression and mismatch repair deficiency are imperfect mark-
ers that do not absolutely confirm or preclude a favorable response.
Tumor mutational burden is usually considered as the primary predic-
tor of neoantigen load, which is directly associated with tumoral im-
munoreactivity, and may influence the chances of achieving an absco-
pal effect include [47]. Tumors with epidermal growth factor receptor

(EGFR) mutations have been shown to have a lower tumor mutational
burden [48] and poorer response to immunotherapy [49] compared to
tumors without these mutations. A prospective study by Formenti and
colleagues [50] treated 21 patients with metastatic NSCLC with con-
current ipilimumab and SBRT and found that a higher proportion of
patients with progressive disease had EGFR mutated tumors compared
to patients who had better disease control (50% vs. 0%, p=0.03). Ad-
ditional evidence is needed to determine whether tumors with EGFR
mutations are poorer candidates for combination radiotherapy and im-
munotherapy.

Tumoral immunogenicity is not solely dependent on tumor muta-
tional burden, but also on antigen presenting cells (like dendritic cells)
and activated cytotoxic CD8+ T cells in the tumoral immune microen-
vironment. A tumor immune microenvironment with a higher degree
of cytotoxic T cell infiltration and T cell activation has been associ-
ated with favorable response to immunotherapy, even in the absence
of high tumor mutational burden [51]. Distinct orthogonal signatures,
like chemokine expression, can be used as complementary proxies of
the degree of tumoral T cell infiltration and activation. Further studies
aiming to optimize tumor selection when inducing the abscopal effect
should consider identifying tumors not only based on their tumor muta-
tional burden, but also by using specific signatures indicative of tumor
lymphocytic infiltration.

Toxicity associated with combined treatment

One concern with combining radiotherapy with immunotherapy is
the additional toxicity associated with combined modality therapy.
However, multiple early phase studies [43,52,53] have examined the
safety of combining SBRT with immunotherapy, overall demonstrating
favorable toxicity profiles. There were no grade 4 or higher toxicities ob-
served in any of these early trials, and the most common grade 3 toxicity
was anemia, unlikely to have been related to the effects of SBRT.

Several pooled analyses have also shown no significant increase in
toxicities when adding radiotherapy to immunotherapy [54,55]1, while
others have shown a marginal increase in toxicities [56]. The main over-
lapping toxicity with radiotherapy and pembrolizumab is pneumonitis
[57]. The rate of grade 3 or higher pneumonitis associated with modern
SBRT series is <5% [58], and the rate of grade 3 or higher pneumonitis
with pembrolizumab in the KEYNOTE-001 trial was 2% [45]. A post-
hoc analysis of the KEYNOTE-001 trial [59] found that patients who
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had preceding thoracic radiation prior to pembrolizumab had a higher
rate of all pulmonary toxicities (13% vs. 1%, p<0.05), although there
was no difference in the rate of grade 3 or higher severe pneumonitis
(4% vs. 1%, p=0.44).

Despite this, providers should still be cautious to “do no harm”, espe-
cially in patients with metastatic disease not receiving curative therapy.
There is evidence to support the use of intensity-modulated radiation
therapy (IMRT) to reduce toxicity [60]. Other strategies such as deep
inspiratory breath hold (DIBH) and image guidance (IGRT) may con-
siderably reduce pulmonary toxicities and facilitate combination treat-
ment [61]. Potential areas of further investigation include identifying
biomarkers that can predict the occurrence of severe toxicity after the
combination of radiotherapy and immunotherapy [62]. The ongoing
PREMIS [63] study aims to discover the underlying mechanisms respon-
sible for severe immune related adverse events and identify predictive
biomarkers. Biomarkers currently under investigation include cytokines,
immune-cell subsets, autoantibodies, human leukocyte antigen haplo-
type, and radiomic characterization [64]. Other ongoing studies are in-
vestigating the reduction of immunotherapy-related side effects through
the use immunosuppressive drugs such as rituximab and tocilizumab
[65]. Radiation can also cause adverse events similar to immunotherapy
when non-tumor specific antigens are released into the tissue microen-
vironment, and taken up by antigen presenting cells that prime auto-
reactive T cells to attack normal tissue [66]. Therefore, further studies
are needed to predict adverse events related to the combination of im-
munotherapy and radiotherapy.

Conclusion

Early clinical work combining radiotherapy with immunotherapy
shows promise in unleashing the abscopal effect. Preliminary evidence
suggests that radiotherapy regimens with <5 fractions and smaller fields
may be superior to regimens with 15 fractions and larger fields. There
does not appear to be enough evidence to draw conclusions about the
optimal timing of radiotherapy in relation to immunotherapy or the
optimal anatomical location of radiation to induce the abscopal effect.
Several studies suggest selecting patients with a higher ALC and lower
NLR may help to further boost abscopal response rates. Furthermore, se-
lecting tumors with PD-L1 expression, mismatch repair deficiency, and
higher tumor mutational burden may similarly achieve this goal. Addi-
tional work is needed to minimize and predict which patients will de-
velop severe toxicity associated with combination therapy. These chal-
lenges must be overcome in order to help convert the abscopal effect
from a rare phenomenon to more common entity.
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